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[bookmark: _Toc219398127]Introduction
This report focuses on the design, implementation, and documentation of an automated factory system using a Programmable Logic Controller (PLC). The system simulates an industrial package sorting process using conveyor belts, in which items are identified and routed based on their size and weight. The primary objective of this report is to demonstrate practical PLC programming skills alongside safe system operation, fault handling, and effective operator interaction using a Human–Machine Interface (HMI).
The automated system is designed to handle a minimum of four different package types using a combination of conveyor belts, sensors, and actuators. Packages are detected, measured, and sorted automatically while ensuring safe operation through the inclusion of emergency stop functionality, alarm and warning handling, and manual reset procedures. To reduce electrical inrush current during system startup, the conveyor belts are configured to start sequentially. Operator control and system monitoring are achieved through an HMI, allowing the user to start and stop the system, view counters, acknowledge alarms, and adjust warning thresholds as required.
The system is developed using Factory I/O as a three-dimensional industrial simulation environment, providing a realistic representation of a factory process without the need for physical hardware. Siemens TIA Portal V16 is used to configure the PLC and develop the ladder logic control program, while WinCC, integrated within TIA Portal, is used to design the HMI screens and alarm displays.
This report presents a review of industrial PLC platforms, describes the design of the Factory I/O system, explains the PLC control logic and HMI operation, and documents the overall system behaviour. An operational flow chart and an alarm and warning strategy are included to demonstrate structured system design and compliance with safe industrial automation practices.

[bookmark: _Toc219398128]Review of Industrial PLC Platforms
[bookmark: _Toc219398129]1.1 The Overview of PLCs In Industry
Programmable Logic Controllers (PLCs) are specialised industrial computers used to control automated processes and machinery [1]. As a result, they are widely used in manufacturing, material handling, packaging, process industries, and infrastructure systems. PLCs are valued for their reliability, real-time operation, and ability to operate in harsh industrial environments. 
PLCs are designed to continuously monitor inputs from sensors, execute user-defined control logic, and control outputs such as motors, valves, and actuators. This allows automated systems to operate consistently and safely with minimal human intervention.
Modern PLC systems support a wide range of industrial communication protocols and are commonly integrated with Human–Machine Interfaces (HMIs), industrial networks, and safety systems. Programming is typically carried out using standardised languages defined by IEC 61131-3, including Ladder Logic, Function Block Diagram, and Structured Text [2]. In industry, PLCs are preferred over general-purpose computers due to their robustness, modularity, scalability, and ease of maintenance.
[bookmark: _Toc219398130]1.2 Comparison of Industrial PLC Platforms
There are several major PLC manufacturers whose platforms are widely used in industrial automation. While all PLCs perform similar core control functions, they differ in terms of software environment, communication protocols, scalability, diagnostics, and overall cost.
Siemens SIMATIC PLCs are commonly used in European industry and education, offering strong integration between PLCs, HMIs, and drives through the TIA Portal engineering environment. Siemens PLCs are well known for their extensive diagnostics, structured engineering tools, and wide range of supported hardware modules [3].
Rockwell Automation (Allen-Bradley) PLCs are widely used in North America and are based around the Studio 5000 engineering environment. These PLCs are well suited to large-scale industrial systems and are commonly used in automotive and manufacturing plants, particularly where EtherNet/IP is the preferred communication standard [4].
Schneider Electric Modicon PLCs are frequently used in process industries such as water treatment and energy systems. The Modicon range offers strong Ethernet-based communication capabilities and good integration with industrial supervisory and SCADA systems [5].
Mitsubishi Electric PLCs are popular in high-speed automation and motion control applications, particularly in packaging and robotics. These PLCs are often selected for systems requiring fast response times and tight integration with servo and motion control systems [6].
Although all these platforms provide reliable industrial control, the selection of a PLC platform typically depends on factors such as existing infrastructure, system size, engineering familiarity, communication requirements, and cost.
[bookmark: _Toc219398131]1.3 Pros and Cons of Selected PLC Platforms
	PLC Platform
	Pros
	Cons

	Siemens SIMATIC (S7-1200 / S7-1500)
	Integrated PLC and HMI environment (TIA Portal), strong diagnostics, widely used in industry and education, good safety and networking support
	Software licensing cost, Relies heavily on Siemens software and hardware, steeper learning curve for beginners

	Allen-Bradley ControlLogix / CompactLogix
	High performance, widely used in large industrial systems, strong EtherNet/IP support, good documentation
	High cost for both hardware and software, less commonly used outside North America

	Schneider Modicon (M340 / M580)
	Strong Ethernet-based architecture, suitable for process industries, good integration with SCADA systems
	Engineering software can be difficult for beginners to learn, with fewer users in discrete manufacturing

	Mitsubishi MELSEC (iQ-R / FX series)
	High-speed processing, strong motion control integration, reliable for machine automation
	The software is not widely used in educational settings and has limited availability in some regions



[bookmark: _Toc219398132]1.4 Summary
PLCs remain the critical component of the modern-day industrial automations systems, due to their reliability, flexibility and sustainability in real-time control capabilities. While all major PLC platforms provide a similar core functionality, the differences in software environments, protocols, communication and system, integration influence their sustainability for specific applications. To understand these differences allows engineers the opportunity to select the most appropriate PLC platform for any given industrial control task.
[bookmark: _Toc219398133]Factory I/O System Design
[bookmark: _Toc219398134]2.1 Overview of the Factory I/O System	
This system was designed for use in the simulation of Factory I/O, to simulate an automated industrial package sorting process. The purpose of the system is to identify, measure and then sort packages based upon their weight and physical size using a conveyor-based material handling system. Factory I/O, provides a three-dimensional industrial simulated environment, allowing the behaviour of the system to be tested and demonstrated without the need of physical hardware. 
The system is designed to operate continuously once started, with packages being introduced into the system, using a package emitter and removed using package removers, positioned at the output locations. The factory layout and control strategy were developed to meet the requirements stated in the assignment brief, including the use of multiple conveyors, actuators, sensors, safety devise and the visual audible indicators. 
[bookmark: _Toc219398135]2.2 System Components
This factory system incorporates a wide range of industrial components, as seen below in table. They are used to enable automated operation, package sorting and safety system control. These components are used within in the Factory I/O environment.
	Components 
	Quality
	Function

	Conveyor belts
	4
	Transport packages through the sorting system

	Diffuse sensors
	2
	Detect package presence and size

	Conveyor-mounted scale
	1
	Measures the weight of packages

	Pushers
	2
	Divert packages to designated output paths

	Emergency stop
	1
	Immediately halts system operation

	Start button
	1
	Initiates system operation

	Stop button
	1
	Stops system operation

	Siren
	1
	Provides audible indication of fault conditions

	Warning light
	1
	Provides visual indication of warning conditions

	Stack lights
	2
	Display system status (normal, warning, fault)

	Package emitter
	1
	Introduces packages into the system

	Package removers
	As required
	Remove sorted packages from the system



	The components above were selected to meet the requirements withing the assignment brief and to demonstrate a complete industrial packaging sorting process within Factory I/O enjoyment. 



[bookmark: _Toc219398136]2.3 Factory Layout and Component Arrangement
This factory layout consists of four conveyor belts, arranged to transport packages through the system in a controlled and sequential manner. The packages are introduced onto the first conveyor using a package emitter and are transported through detection and measurement zones, before reaching the sorting area.
Two different sensors are positioned alongside the conveyor to detect the presence and relative size of the package. These sensors provide the PLC with information required to determine when a package is present and to assist with size classification. A conveyor-mounted scale is positioned downstream of the detection sensors to measure the weight of each package as it passes through the measurement zone.
Then, two pushers are installed to appropriate the points along the conveyor system to divert packages from the main conveyor path to designed output areas. Each pusher is controlled individually by the PLC to ensure, the accurate and reliable sorting. Package removers are then located at each end of the output path to allow the sorted packages to be cleared from the system and prevent congestion.
[bookmark: _Toc219398137]2.4 Package Sorting Strategy
This system is designed to sort a minimum of four different package types. Each package type is defined by a specific combination of size and weight thresholds. As a package moves through the system, it is first detected by the diffuse sensors and then weighed using the conveyor-mounted scale.
The PLC reads and evaluates the sensor and scale data to determine which predefined category the package belongs to. Once the package type has been identified, the PLC activates the appropriate pusher at the correct time to divert the package to its assigned destination. This ensures all packages are sorted accurately and consistently.
Counters are implemented within the control system to record the number of packages, sorted into each category. These counters allow the operation the monitor the system performance and provide the basis for warming conditions when preset limits are exceeded. 
[bookmark: _Toc219398138]2.5 Safety Devices and Operator Controls
The safety and operator interactions were key considerations in the design of the factory system. An emergency stop device is included to allow the operator to immediately halt all system operations, in the event of an unsafe condition. When the emergency stop is activated, all conveyor belts and actuators are stopped (de-energised), placing the system into a safe state.
The operator control buttons are provided to start and stop the system during normal operation. Visual indicators, including stack lights and waring lights, are used to display the current system status, earning conditions and fault conditions. Am audible siren is also included to alert the operator to critical fault conditions requiring immediate attention.
[bookmark: _Toc219398139]2.6 System Startup and Operational Behaviour
To reduce the electrical inrush current during a system startup, the conveyor belts are o0nfigured tri start sequentially, rather than simultaneously. When the system start command is issued, each conveyor belt is energised after a predefined delay, ensuring a controlled and gradual startup process. 
During the normal operation, packages are moved continuously through the system and are automatically sorted, based on sensor and scale inputs. In the event of a fault condition or emergency stop activation, the system halts immediately and requires manual intervention to reset, before normal operation can resume. This approach always ensures a predictable and safe system behaviour.
[bookmark: _Toc219398140]Factory I/O Screenshots
[bookmark: _Toc219398141]Screenshot: Overall Factory Layout
[image: A computer screen shot of a conveyor belt
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The screenshot above shows the overall Factory I/O layout of the automated package sorting system. This layout includes four conveyor belts arranged to transport packages through detection, measurement and sorting sensors. The sensors, pushers, safety devices and visual indicators are positioned to allow a controlled material flow and a safe system operation. This layout provides a clear and structed representation of an industrial sorting process.
[bookmark: _Toc219398142]Screenshot: Package Flow on Conveyors
[image: A computer screen shot of a computer screen
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The screenshot above illustrates packages moving through the conveyor system during a normal operation. The packages are introduced using the package emitter and transported through the system in a controlled sequence. This demonstrates the continuous operation of the factory and the interaction between the conveyors and control logic.
[bookmark: _Toc219398143][image: A computer screen shot of a computer screen

Description automatically generated]Screenshot: Sensor and Scale Placement
The screenshot above shows the placement of the diffuse sensors (renamed to size sensors in the programming) and conveyor-mounted scale, within the factory layout. The diffuse sensors are used to detect the presence and relative size of packages, while the scale measures weight. The information provided by the component is used by the PLC to classify and sort each package accurately. 
[bookmark: _Toc219398144]Screenshot: Pusher Sorting Mechanism
The screenshot above shows the pusher mechanism diverting a package from the main conveyor path. The pushers are activated by the PLC based on the identified package type thus, allowing packages to be routed to their designated output locations. This demonstrates the automated sorting functionality of the system.
[bookmark: _Toc219398145]Screenshot: Stack Lights and Indicators
[image: A computer screen shot of a machine
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The screenshot above shows the visual indicators used within the system, including stack and warning lights. These indicators provide the operator with clear information regarding the system status, waning conditions, fault states and supporting safe and effective operation.





[bookmark: _Toc219398146]PLC Ladder Logic Screenshots
[bookmark: _Toc219398147]Screenshot: PLC Program Structure (OB1 Overview)
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The screenshot above shows the overall structure of the PLC program within TIA Portal. The program is organised into functional sections that handle system start and stop control, conveyor sequencing, package sorting, counter logic and alarm handling. This structured approach improves readability, troubleshooting and future system modification.
[bookmark: _Toc219398148]Screenshot: Start, Stop, and Emergency Stop Logic[image: A computer screen with a white box
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The screenshot above illustrates the ladder logic responsible for system start, stop, emergency stop control. A latching circuit is used to maintain system operation once started. Ensuring that the system is immediately halted when a stop command or emergency stop is activated. This logic ensures safe system behaviour under all operating conditions. 
[bookmark: _Toc219398149]Screenshot: Conveyor Start-up Sequencing Logic
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The screenshot above shows the ladder logic used to implement the sequential startup of the conveyor belts. Once the system starts, each conveyor motor is energised using on-delay timers to reduce electrical inrush current. This ensures a controlled and safe start-up process.

[bookmark: _Toc219398150]Screenshot: Sorting Logic
[image: A computer screen shot of a computer
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The screenshot above shows the ladder logic responsible for the package sorting. Sensor and scale inputs are evaluated by the PLC to determine the package category. Based on this decision, the appropriate pusher is activated at the correct time to divert the package to its assigned output location.
[bookmark: _Toc219398151]Screenshot: Counter and Warning Logic
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The screenshot above shows the logic used to count the number of packages sorted into each category. These counters are monitored against the preset warning values, allowing the system to generate warning indications when predefined limits are exceeded.
[bookmark: _Toc219398152]Screenshot: Alarm Handling and Manual Reset Logic
[image: A computer screen shot of a computer
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The screenshot above shows the ladder logic responsible for the alarm handling and manual reset functionality. The fault conditions, such as emergency stop activations are latched to ensure the system remains in a safe state until the fault is cleared and manually reset by the operator.
[bookmark: _Toc219398153]HMI (WinCC) Screenshots
[bookmark: _Toc219398154]Screenshot: HMI Main / Root Screen
The screenshot above shows the main HMI screen developed using WinCC. This screen provides the operator with control of the system, including start and stop commands, counter displays, and system status indicators. The stack light replication and fault indicators are also displayed to provide clear operational feedback.
[bookmark: _Toc219398155]Screenshot: Alarm and Warning Screen
The screenshot above shows the HMI alarm and warning screen. This screen displays active fault and warning messages, including counter warnings and emergency stop activation. The screen allows the operator to quickly identify abnormal conditions within the system.
[bookmark: _Toc219398156]Screenshot: Engineering / Settings Screen
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Description automatically generated]
The screenshot above shows the engineering screen of the HMI, which allows the operator to adjust a preset warning value for the package counters. These values are written directly to the PLC and can be modified to suit different operational requirements.
[bookmark: _Toc219398157]System Operation and Documentation
[bookmark: _Toc219398158]5.1 Operational Flow Chart
The operational flow chart was developed to represent the overall behaviour of the automated packaging sorting system. The flow chart provides a high-level view of the system functionality and operation. Illustrating how the PLC control logic manages startups, normal operation, package sorting, alarm handling and system shutdown. 
The system begins in an idle state, then awaits an operator start the command. Once the start command is issued, the PLC initiates a controlled startup sequence in which the conveyor belts move or are (energise), sequentially using time delays. This approach reduces electrical inrush current and ensures safe startup of the system. After all conveyors are running, the system enters normal operation.
During a normal operation, the packages are introduced into the system via the package emitter and transported along the conveyor belts. The PLC continuously monitors sensor inputs to detect the presence of packages and evaluates the size and weight data obtained from the diffuse sensors and conveyor-mounted scale. Based on this information, the PLC determines the appropriate package category and activates the relevant pusher to divert the package to its designated output path. Following each successful sort, the remaining package counter is incremented.
The flow chart also includes decision paths for warning and fault conditions. If a counter warning limit is exceeded, then the system generates a warning indication but continues to operate. In the event of a fault condition, such as emergency stop activation, the system immediately halts all operation and enters a safe state. The manual operator must intervene, and reset are required before the system can return to normal operation.
[image: ]
The screenshot above shows the operational flow chart of the automated package sorting system. The flow chart shows the sequence of system operation from an idle state through startup, normal operation, package detection, sorting decisions, and finally system shutdown. Once the start command is issued, the conveyors are started sequentially using time delays to reduce electrical inrush current. During normal operation, the packages are detected, measured, and the appropriate sorting action is performed based on predefined size and weight criteria. Warning conditions, such as counter limits being exceeded, will generate a visual indication without stopping the system, while fault conditions, including emergency stop activation, place the system into a safe state and require manual reset before normal operation can resume.
[bookmark: _Toc219398159]5.2 Alarm and Warning Strategy
An alarm and warning strategy was included to ensure the safe operation of the system while providing a clear and meaningful feedback to the operator. The strategy distinguishes between warnings, which indicate abnormal but non-critical conditions, and faults, which indicate unsafe conditions requiring immediate system shutdown.
The warnings are generated when predefined counter warning limits are exceeded. These warnings do not stop the system but activate visual indicators to inform the operator that attention may be required. This allows the system to continue operating while still highlighting potential operational issues.
Faults are used to indicate critical conditions that compromise system safety, such as emergency stop activation. When a fault condition occurs, all the conveyors and actuators are immediately stopped (de-energised), and audible and visual alarms are activated. The fault conditions are latched within the PLC to prevent automatic restart, ensuring that the operator must investigate and manually reset the system before operation can resume.
Alarm and Warning Summary Table
	Condition
	Type
	System Response
	Reset Method

	Counter warning exceeded
	Warning
	Warning light and HMI indication activated
	Automatic or manual reset

	Emergency stop activated
	Fault
	System halted, siren and red stack light activated
	Manual reset required

	Stop button pressed
	Normal stop
	Controlled system shutdown
	Start command



This alarm and warning strategy ensures that unsafe conditions are handled immediately, while less critical conditions are clearly indicated without unnecessarily interrupting production.

[bookmark: _Toc219398160]5.3 PLC Program Documentation
The PLC control program was developed using ladder logic within Siemens TIA Portal and structured into clearly defined functional sections to improve readability, troubleshooting, and future maintenance. The program logic is designed to meet the operational requirements of the factory system and ensure safe and predictable behaviour.
The system starts and stops logic is implemented using a latching circuit that maintains system operation once started. While ensuring immediate shutdown when a stop command or emergency stop is activated. The conveyor startup sequencing is achieved using on-delay timers, allowing each conveyor to start individually after a short delay.
Package sorting logic evaluates sensor and scale inputs to determine package size and weight. Based on this evaluation, the PLC activates the appropriate pusher to divert the package to the correct output location. Package counters are incremented following each successful sort, providing continuous feedback on system throughput.
Alarm and warning logic monitors system conditions and counter values. Warning conditions activate visual indicators without stopping the system, while the fault conditions are latched and require manual reset to ensure safe restart. The operator commands from the HMI are processed via PLC tags, allowing the operator to control system operation and acknowledge alarms.
The screenshots of the ladder logic implementing these functions are provided, while the complete PLC and HMI project files are included as supplementary material for full verification of system operation.
[bookmark: _Toc219398161]Design Justification and Engineering Considerations
The system was developed with a focus on clarity, safety, reliability, and alignment with typical industrial automation practices, while remaining appropriate for implementation within the simulated Factory I/O environment.
A conveyor-based material handling system was selected as it reflects common industrial sorting and logistics processes. Conveyor belts provide a predictable material flow system, simplify control logic, and are well suited to sensor-based detection and actuation. The use of four conveyors allowed the system to be structured into clear operational stages, including package introduction, detection, measurement, sorting, and removal. This modular approach improves readability of both the physical layout and the associated PLC program.
Sequential startup of the conveyor belts was implemented to reduce electrical inrush current at system startup. In industrial environments, simultaneous starting of multiple motors can lead to excessive current draw and mechanical stress. By introducing time delays between conveyor startups, the system demonstrates good engineering practice and ensures controlled and predictable startup behaviour. Although the system operates within a simulation, this design decision reflects real-world industrial considerations and safety awareness.
The package sorting strategy was intentionally designed to be simple and deterministic. Size and weight thresholds were used to categorise packages into predefined types, allowing the sorting decisions to be made quickly and reliable. This approach avoids unnecessary complexity while still demonstrating the core principles of sensor-based decision making and actuator control. The use of pushers to divert packages was chosen due to their clear visual operation and ease of control within both Factory I/O and PLC ladder logic.
Counters were incorporated to track the number of packages sorted into each category. This provides operational feedback to the operator and supports monitoring of system throughput. Warning thresholds were applied to the counters to demonstrate non-critical alert conditions. These warnings inform the operator that attention may be required without interrupting system operation, which reflects common industrial practice where production continuity is prioritised unless safety is compromised.
A clear distinction was made between warning conditions and fault conditions. The warning conditions, such as counter limits being exceeded, generate visual indications only and do not stop the system. Fault conditions, such as emergency stop activation, are immediately halted and all system operations, placing the system into a safe state. Faults are latched within the PLC logic and require manual operator reset before normal operation can resume. This prevents unintended or unsafe automatic restart and reflects accepted industrial safety principles.
The Human–Machine Interface (HMI) was designed with usability and clarity as primary considerations. Operator controls and system status information are presented on a root screen for quick access, while alarms and adjustable parameters are placed on separate screens to reduce clutter and minimise human-operator errors. This separation of functionality improves usability and aligns with established HMI design guidelines used in industrial automation.
Overall, the system design balances functional completeness with simplicity and robustness. The engineering decisions made throughout the project ensure that the system is safe, understandable, and representative of real-world industrial automation systems, while remaining appropriate for implementation within a simulated environment.
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